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TITLE : METHOD OF MEASURING CHARACTERISTICS OF LIGHT 
INTENSITY MODULATOR AND METHOD OF CONTROLLING THE SAME 

(57) [Abstract] 

[Ob j ect] The ob j ect of the present invention is to provide 
a method of measuring characteristics of a light intensity 
modulator capable of measuring parameters of the light 
intensity modulator in high precision in a simple structure 
at low cost/ and to provide a method of controlling a light 
intensity modulator capable of controlling characteristics 
of the light intensity modulator without substantially 
giving influence to signal waveforms and transmission 
characteristics after the modulation. 

[Construction] First light emitting means 1 emits a first 
light of which light intensity has been modulated by a 
measured-light intensity modulator 8 that is applied with 
a sinusoidal wave electric signal having a constant frequency 
of which phase has been modulated by a control signal . Mixing 
means 3 mixes the first light with a second light from second 
light emitting means 2 having different wavelengths from 
each other, and applies the mixed light to a photodetector 
4. Control means 5 generates a signal having a signal level 



varied to a minimum for a predetermined odd-order side band 
frequency signal near a frequency corresponding to a 
wavelength difference between the first and second lights 
in an output electric signal of the photodetector 4, and 
5 controls a light phase modulator 7. 

[Claim 6] A method of controlling a light intensity 
modulator for controlling a phase modulation component 
generated when a Mach-Zehnder light intensity modulator 
10 modulates light intensity, the light intensity modulator 
comprising : 

first light emitting means for generating a first light 
of which phase has been modulated by a sinusoidal wave electric 
signal of a constant frequency, and emitting the first light 
15 to the light intensity modulators- 
second light emitting means for emitting a second light 
of which wavelength is different from that of the first light; 

■ mixing means for mixing the second light with the first 
light that has been emitted after the light intensity has 
20 been modulated by the light intensity modulator according 
to first and second control signals input to first and second 
arms of the light intensity modulator; 

a photodetector for photoelectrically converting a 
light obtained by mixing the lights by the mixing means; 
25 and 
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control signal generating means for varying an 
amplitude rate of the first and second control signals so 
that a signal level becomes minimum for a predetermined 
odd-order side band frequency signal near a frequency 
5 corresponding to a wavelength difference between the first 
and second lights in an output electric signal of the 
photodetector , based on the sinusoidal wave electric signal, 
the output electric signal from the photodetector , and a 
data signal, and for outputting the signals to the first 
10 and second arms. 

[Claim 8] A method of controlling a light intensity 
modulator for controlling a phase modulation component 
generated when a Mach-Zehnder light intensity modulator 
15 modulates light intensity, the light intensity modulator 
comprising : 

first light emitting means for emitting a first light; 
second light emitting means for emitting a second light 
of which wavelength is different from that of the first light; 
20 third light emitting means for emitting a third light 

of which phase has been modulated by a sinusoidal wave electric 
signal of a constant frequency, and of which wavelength is 
different from those of the first and second lights; 

a wavelength multiplex element for wavelength 
25 multiplexing the first and third lights, and emitting these 



3 



lights to the light intensity modulator; 

a wavelength dividing element for dividing the third 
light from a wavelength multiplexed light that has been 
emitted after the light intensity has been modulated by the 
5 light intensity modulator according to first and second 
control signals input to first and second arms of the light 
intensity modulator; 

rriixing means for mixing the second light with the third 
light that has been divided by the wavelength dividing 
10 element; 

a photodetector for photoelectrically converting a 
light obtained by mixing the lights by the mixing means; 
and 

control signal generating means for varying an 
15 amplitude rate of the first and second control signals so 
that a signal level becomes minimum for a predetermined 
odd-order side band frequency signal near a frequency 
corresponding to a wavelength difference between the second 
and third lights in an output electric signal of the 
20 photodetector, based on the sinusoidal wave electric signal, 
the output electric signal from the photodetector, and a 
data signal, and for outputting the signals to the first 
and second arms. 



25 [0002] 
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[Prior Art] Conventionally, Mach-Zehnder optical modulator 
has been used for modulating the intensity of a light in 
a transmitter of a high-speed optical fiber digital 
communication system. This Mach-Zehnder light intensity 
5 modulator has a waveguide formed on an electric optical 
crystal substrate, the waveguide for introducing a light 
incident from one end, branching the incident light into 
two in the middle, then combining the lights into one again, 
and emitting the light from the other end. This Mach-Zehnder 

10 light intensity modulator also has a signal electrode 
provided on each of the waveguide branched into two. When 
signal voltages are applied to these two signal electrodes, 
an optical signal of which light intensity has been modulated 
is obtained from the other end of the waveguide . 

15 [0003] According to this Mach-Zehnder light intensity 

modulator, not only the light intensity but also the phase 
is modulated, depending on an amplitude rate of voltages 
applied to the two waveguides. This is called a chirping. 
A size of the chirping is expressed by an a parameter given 

20 by the following expression. 

[0013] Further, according to the Mach-Zehnder light 

intensity modulator, there is a possibility that the applied 
electric field distribution changes within the light 
25 intensity modulator based on a change of a material of the 
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light intensity modulator due to the lapse of time . Therefore, 
even when the voltage applied from the outside is held at 
a constant level, the value of the a parameter deviates from 
an initial value, so that it is not possible to obtain a 
5 desired chirping . As a result, according to a measured value 
obtained by the conventional measuring method, it is 
difficult to control the chirping of a light transmitted 
by the high-speed optical fiber digital communication system 
that is operated for a long time. 

10 

[0015] Further, it is another object of the present 

invention to provide a method of controlling a light intensity 
modulator capable of controlling the characteristics of the 
light intensity modulator without substantially giving an 
15 influence to signal waveforms and transmission 
characteristics after a modulation. 

[0021] 

[Operation] First, the operation of a method of measuring 
20 characteristics of a light intensity modulator of the present 
invention will be explained with reference to Fig. 1. As 
shown in Fig. 1, the measuring method of the present invention 
is for measuring characteristics of a measured-light 
intensity modulator 8 within first light emitting means 1, 
25 based on a structure consisting of the first light emitting 
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means 1, second light emitting means 2, mixing means 3^ a 
photodetector 4, and control signal generating means 5. In 
this case, the first light emitting means 1 consists of a 
light source 6, an optical phase modulator 7, and the 
5 measured-light intensity modulator 8 , for example. However, 
it is also possible to have other structures than this, as 
described later. 

[0022] ' A light (amplitude Eo, frequency f, and phase 

0 ) from the light source 5 is incident to the optical phase 

10 modulator 7 . The phase of this light is modulated according 
to a control signal from the control signal generating means 
5, and a result is emitted. In this case, the control signal 
generating means 5 generates a control signal of a frequency 
fra based on a predetermined side band frequency signal in 

15 a photodetected electric signal from the photodetector, and 
a sinusoidal wave electric signal of the constant frequency 
■ fm from the signal source 9. From the above, an electric 
field E of an output light from the optical phase modulator 
7 is given by the following expression. 

20 

[0029] On the other hand, the first light shown by the 

expression (4) of which phase modulation component has not 
been canceled is mixed with the second light in a similar 
manner to the above . Thereafter, the mixed light is observed 
25 ' with a spectrum analyzer 10 through a photodetector 4 . Then, 
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an odd-order side band wave attributable to a low-phase 
modulation component is also observed. According to the 
measuring method of the present invention, the Vpp(P) of the 
control signal supplied to the optical phase modulator 7 
5 is controlled so that the intensity of a predetermined side 
band wave (usually, a primary side band wave 102 having a 
highest level) out of odd-order side band waves in an output 
electric signal of the photodetector 4 becomes zero. Then, 
the a parameter of the light intensity modulator 8 is obtained 
10 using the following expression, based on the Vpp(P) obtained 
from the control signal generating means 5 and Vpp (I) of 
the sinusoidal wave electric signal. 
[0030] 

[Expression 7] 

15 

20 Next, the operation of a method of controlling a light 
intensity modulator of the present invention will be 
explained with reference to Fig. 2. As shown in Fig. 2, the 
control method of the present invention is for controlling 
the characteristics (the a parameter) of the Mach-Zehnder 

25 light intensity modulator at a constant level, based on a 
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structure consisting of first light emitting means 11, second 
light emitting means 12, mixing means 13, a photodetector 
14, and control signal generating means 15. In this case, 
the first light emitting means 11 consists of a light source 
5 21, and an optical phase modulator 22, and the control signal 
generating means 15 consists of an adder 23, and a control 
unit 24, for example. However, it is also possible to have 
other structures than these, as described later. 
[0031] Further, it is also possible to provide third 

10 light emitting means for emitting a third light, a wavelength 
multiplexing element for wavelength multiplexing the third 
light with the first light, and making the multiplexed light 
incident to the light intensity modulator , and a wavelength 
dividing element for dividing the third light from the light 

15 from the light intensity modulator, making the third light 
incident to the mixing means so that the mixing means mixes 
the third light with the second light. 

[0032] A light (amplitude Eo, frequency f, and phase 

0 ) from the light source 21 is incident to the optical phase 
20 modulator 22. The phase of this light is modulated by a 
sinusoidal wave electric signal having the frequency fm and 
the amplitude Vpp (I) from the signal source 18, and a result 
is emitted as a light of the electric field E given by the 
expression (3). An output light of the optical phase 
25 modulator 22 is incident to the light intensity modulator 
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16, and the light intensity of this light is modulated by 
control signals from the control signal generating means 
15. 

[0033] In this case, the light intensity modulator 16 

5 is the Mach-Zehnder light intensity modulator . As described 
above, the Mach-Zehnder light intensity modulator has a 
waveguide formed on an electric optical crystal substrate, 
the waveguide for introducing a light incident from one end, 
branching the incident light into two in the middle, then 

10 combining the lights into one again, and emitting the light 
from the other end. Portions 16a and 16b in Fig. 2 indicate 
the waveguide branched into two parts (arms). 
[0034] The above control signals are first and second 

signals generated by the control unit 24 after the control 

15 unit has been applied with a signal obtained by the addition 
of a sinusoidal wave electric signal and a data signal from 
the signal sources 18 and 19 respectively by the adder 23, 
and with an output signal of the photodetector 14 . Of these 
control signals, a voltage of a control signal applied to 

20 the first arm 16a of the light intensity modulator 16 is 
expressed as VI, and a voltage of a control signal applied 
to the second arm 16b is expressed as V2 . Then, these are 
obtained from the following expressions. 

25 
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[0035] 

[Expression 8] 



V 1 = V,(l)-^^(v.(I)-x(t) + V,,(I)cos2;rf„t) 
V2 = y^-j:(v.(I)-x(t) + Vp,{I)cos2n-f„t) 



v^ay-sxen-^^-—— 
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In the expressions (7), x (t) is a normalized function that 
expresses a waveform of the data signal, and this takes a 
value of 0 to 1. Further, a desired value is substituted 
into a . An electric field Eoot of the output light from the 
light intensity modulator 16 that has been modulated by the 
control signals VI and V2 is given by the following expression . 
[0036] 

[Expression 9] 

= E.cos{Y(l-x(t)) + ^^j^cos2fff,t}x 

cos[2.ft.f(l4-f^x(t)) + {^-.signif^=^>cos2.f„t + ^] (9) 
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In this case, r is adjusted to have the following relationship 
Then, the fn, component within the phase-modulated component 
in the expression (8) is cancelled, and the following 
expression is obtained. 
[0037] 
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[Expression 10] 



= E,cos{-|-(l-x(t)) 



4 V,(I) 



COS 



27rf„t [x 



cos 




The first light expressed in the expression (9) is branched 
into two by the light branching element 17 . One of the 
branched lights is mixed with the second light from the second 
light ebaitting means 12 having a wavelength different from 
the wavelength of the first light, by the mixing means 13. 
Thereafter, the mixed light is photoelectrically converted 
into a heterodyne-detected electric signal by the 
photodetector 14. The spectrum of this electric signal is 
observed with the spectrum analyzer 20, Then, only the 
even-order side band wave of the modulation frequency fm 
appears around the intermediate frequency 201 that 
corresponds to the wavelength difference between the first 
light and the second light. 

[0038] On the other hand, the first light shown by the 

expression (8) of which phase modulation component has not 
been canceled is mixed with the second light by the mixing 
means 13 in a similar manner to the above. Thereafter, the 
mixed light is observed with a spectrum analyzer 20 through 
a photodetector 14. Then, an odd-order side band wave 
attributable to a modulation component is also observed. 
According to the control method of the present invention. 
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the amplitude rate r of the control signals VI and V2 is 
adjusted with the control unit 24 so that the intensity of 
a predetermined side band wave (usually, a primary side band 
wave 202 having a highest level) out of odd-order side band 
5 waves in an output electric signal of the photodetector 14 

becomes zero. Thus, the a parameter is controlled to be 
maintained at a constant level. 



13 



'QOUZO 




(19) a^^^¥f ft (J py 



(12) <A m 



(A) 



(51)Int.Cl. ' 
GOIM 11/00 
GOIR 2 9/12 
G02F 1/03 



502 



F I 



0 



(11) nntam-'A^^^ 

#11^8- 278224 

(43)^^0 ^fiSc8^ ( 1996) 10^ 22B 



GOIM. 11/00 T 
GOIR 29/12 F 



(2i)aiSi#-^ 


^11^7-83912 




000004237 






B^fc^^^st^ti: 


{22)a5^B 


^fi£7^ (1995) 4.^ lOB 




m:^t?^E:^STS 7#1^' 




(72) 










:^J5c^;^K^5Tg7S=l-^ B^^^^^ 














(74) ft S A 





(54) {^BMco^m yt^^^m^^i^^mm:^^Rr/mm^mi 



(57) C^**;] 

^ S 7t ^ ^ ^ P ^ / N- ^ ^ - 5^ 3i ^ ^ . i?'^ ^ ^ ^ 




























* i 




f 




e 












s 




— ^ 













iSIH 

T 



9 

18 



1. 

mm 1 tfOTfcfc (ij^:^ ^^^r -^1^2 £05^5: dtlMf^ 1^2 fiO 

t . 
t . 

7t §^ ffiT ^ iE ^ ^ /i T's; 19^ ^ ^. v 

Tiyie^ 1 coytt L X ^ ^iiin^m^ t ^ *)^^ 

^mm'ri>mmm-^^^^mmm'^^m^Lxi$i^m^ 
mmjE^i^^^m-^'c:^mLxwJsimi <o%t Lxasst 

1 3.v^w.2(o^<r>)^-^mi^zm^'rhm^^^^t^^±t 

tchXo^. mtl'l^2^it<n^^m'^UmLxmt^Wt^ 

^<nmm-fim^zi6\^x . 



(2) 8-278224 ' 

2 

1 c0 3ti:li2S.^*^^^^^2c7)3^^ai|.f-f-^^2<?3 

mu^^^^m^cr>'m i Rz/mz^r-Mizxyi^ti^^ 
m 1 Rr/m2<Dmmm'^izm\:.xm^^m^m^^^ ^ye 
co^mti^^m^ tix thm ^ tLt:mEEm 1 c^^^mtim^ 

10 

3 ^zmiam I Ri/m2:(7)mmm'^c7)m^}:t^'^mLxm 
jgs^ 1 ^t/m2cor-^^a:^-r-5 $0 ft ^ ^ ' 

20 m^^^ h ^Wi^ixtzyt^m.-^^mlZlL^'^n^m^X'^ ' 

n^m^ ft z,}i'k^^h'th m^n e i^m<r>ye 
}/ im^me} -^-yj^ y > ymyt^m^mn),z X i> yt 
^copmyim\^n^>^x . 

mm 1 coy6tii^^<on^^m2coy6i:tiim-thm2<7) 
0 -^m^3Sc<DjE^^'^Si\m'^X'iiLm^^m^ n.fc. mrie 

1 Rx/m 3 <oyt^ ^ti^ti^-M:^mLx mt^y^m.^ ' 

^ 1 Rx/m2co^imm-^izm\:.xMyt^m^m^:/^}-^ye 
<D^^i)<^m^tixmm^fir^i^'K^my6t-(:>mi^m 3 

M le IE ?^ ^ ^ ^ it i: ^ 5t ^ IS ;f3 ^ ft t X - 

iim 2 Rt/m 3 (nyt^^^^^^z^'^-r h m^m co'^mco 

0 tzmtim 1 Rx/m2<ommm^(om^xt^^^LXwi 
iim 1 s.iA'^2(7DT-ix^a:j:^-r^*$iJtJPfi^%^^f5fc 



3 

^ 2 CO ^ hJT IS 7t ^ ^ ^ 1^ ^ ^S'^ ^ 15 0 tb ^ T mi IE ig 

i: -r-Sit^^ 6 Jb^ 9 coo *>v^■f iX3e»^ — ^ie3S^7)3l£^^ 
[ 0 0 0 1 ). 

^> -7 *7 > N V V S ^ ^ i® ^ ^ ^ 14 ^ ^ ^ 
IS CO ^ i: ^ {i ffi ^ 1^ ^ ^ ® ^ SiJ ® i£ c 153 -r 



t|-^60Jt$rn^f . aco:^#$ti. r frc J: o T S * tc^^ 

[ 0 0 0 5 ] T ^ y<S3M£^;^-r Atcij v^r . ^Mth^t 
^iStc^t^ . ^tc, 1 . 3 ;um^i^t»-S*7 r-f A (y- 

-TJUy V^-C3&t^ 1 . 5 ju m^ii-^5l£(0:^K 

[0 0 0 6 ) fc^^-C, Tt^^^liSf^'CcO^l^^^ti 
2 O(7)^2SK^i0Ep^lD^-frJt r tc ti ^Sc ^ ^ v\ . d O :C: 

[0 0 0 7 ) a>'N'^> — rJ' $:iSl^t-^7t:*^60tfl^5t^(7):^?£ 

f 2 1 

(0011) 

[%B^j;^>'j^i^L J: o -ii-f^PSI) L 3tf^ ^ , ± IS ^ tff 



(3) t^^^8 - 2 7 8 2 2 4 

4 

[0 0 0 2) 

ft ^ -r A coiMfifff ic i> r 5^ ^ ^ -r a Ttr 
v-yv'Ny X >:S^^5t^^^ii3tsti. Alt LTtrit 

-z^iz^^Lxm^t^^itiMT^^'^^t^^^ye^^^a^ 
10 ti^tuznLxm-^^^^m^'ff^^HSiT^o . cti4>co 

2-p60fi^^«gtCfi-^^ff $:EPjD-r tr-. ^ifi^lg§c7) 
ife ^ ^> 3fc ^ P ^ ^^ ft $r ^# -5> . 

[ O 0 0 3 ) 5» -7 -y >^N-y x > ^ M^t^^ m^lM^X' 

(i . ±E<o 2ogo^ifeg&{vEP:OD-r^ miEgojifg.ht^c J: o 

[0 0 0 4 ] 
[|gCl) 

( 1 ) 

t Lx u i^^ — 'T/i^ • ^zr ■ ^ ^ h ^ y ■ 
T^^yni/— ^1 1 1 2-^ 1 9 3 7K (Journal of 
..Lightwave Technology. Vol. 11. No. 12, pp, 1937) Izmm 

$^^'Cv^^:^^2!^-'^>^». zcoift^<7^m^y3mi>z-oy.^x m 
1 3 t^^zmm-th . ' ' . 

[ 0 0 0 8] ^^tc:fev^T. -/yN^y X VrJ^^^fe 

^m^m^ (iM) 5(4, ^*yh»7-i?r^^>r-tfi o 
30 st-i^com^^y^^-ym-^x-yem it-^xii^hht^ 
(r>^m.^^mLx^-n^i> , z^o^^^^m^st-^^ 

1 0 7 ItmLtz^. ^^\^^QX^n^m.^f\,h . Z<r) 

0 6 ^ fix ^mi^WiX (o t<mm^ ix ^ . 

[.0 00 9)^-yN7 — ^^;r^^.-fifl0 6tC{±. ^1 

t:t^<r>m.mx'mm^) rx/zcou cr>t^co^^m.t<mx^ 
10 ^^.^i^^lEfc f u ^ ' ^y r ^ J^i 0 rcn^^ l . i^^j^gi 

(0010) 
(IEJC2.) 

( 2 ) 

3fe^a5^ 8 ^z^fi^fijt^i^inm^i^m^^i^tz^^i^^ 
0 ^ <nmm^(nm^t<'^^^^'k\i'^^itr > y* ^ t< '^mx^ 



5 

t:^isb{>i:zi^icm\''^^mU (2) ^X'ii. 

-r ^ z titmL^^^fzif^. m^<^m^:f3^x'i±mmm<om 

C 0 0 1.3 ] Mtc. v>yyN-yx >^^7lS^>^^i^^ti . 
[0014] ^^m^t\^J.±^^^^^^tc^ixf:i t> COT*. 

c 0 0 1 5 ) iTt:, :^%m<om<r^mmii. ^mm<nm^- 



(4) 8 - 2 7 8 2 2 4 

6 

[0 0 18) tfz. :^^m(o%m:^m\i±u<^B^^m 
^-t^fzih. -^m'^^<r>iE^'^m.^m'^'X'iiLmt<^m 

<jor-A(cA:^?n^mi Rx/^2(7^%^\mm^f^zm tx 



[0016] 

mmm'^x'^mf^mzfx.. i-o. -^m 

iS[ Si IE K ^ ^ ft EP tra $ n S « -a ^ ?S ^ P 5S 
t3 J: 0 5\^^S;6^'^^$^x=C:mi <503t ^ i^Tfef ^ ^ 1 <=0^ 
1^ 1 tii^:^^0^=5:^»^2c7>3tS:£iJSt-r 

m 1 3ll/^^2tf0^coigE^||tc:(g^t'^i^^l&^Oiia^<^nff 

i,zu^ju^-^^Lfzm-^i:^±Lxmmm^ t Lxm^ 
mm^izm-:^^^x^m^^^m^m^<nniit:m^r^ 
CO 0 1 7 ] zzT. ^mititscott;7}^%m-^^<nm 1 
mzcoyt^T^m^m^mmLxm^^f^'^ii^^ 



:^ II ^8 ^ t*. ^ i& <^ ifi ^ ^7) ^ (7) ^ ^ <^ {BJ :^ ii] ^ 

ISfl^^O U'^/i^ij&^S^h ^ ^ ct 5 {c^ l^tA'^ 2 comi^' 

^mmm'^^^^mt ^^t^mjizt Lrci^cox-^^i ' -^ 

[001 9 ] ^/c. 2*5:^0^S'J^:firi£timri5^ i <7>^':>t:^ 

urn 1 Rx/m2<Dytt "tti^'tt^^co^^h m 3 <om^ 
20 ^ytT^msco^^^^trmif . m^^ SCO y6tm 1 £^ 

5if ^ ^ m L r 3I£ ^ ^ ^ P ^ ^ A -r ig^ :^ ^ M ^ ^ 

^f^^tHMLxmzcod^tm^^^h^^^^mm^ h ^ 
B,ntzi><r)X'^i> , 

[0 0 2 0] tfz. :^^m^im:^mX'U. 5feaaif?60ffi 

xm:■^^fSi^z^.^^fL^J/tt^o^^m:^m'^'r^J^i^^ ' 
^^i)<:^:kt^i> J: 0 i,z^ m 2 c^m<ommm ^^mux 

30 mm.m±izt ->xm^ L^^, 
[ 0 0 2 1 J 

^m^a<r>ni^^mm^h i><r>x'h ^ . zzx-it. mi 

40 (rym^i^m^^^ J: 0 iz-^^X'hh . 

[0 0 2 2] yeM6i)-(t>cO^ (^jIsEq, m^^f . ill 

n<^) jt^^m^m^7izxm^ix. B\mm^^±^^ 

[ 0 0 2 3 ] 
50 C^3] 



(5) 



E = 



Eo cos [Znft + ^YV^ ''''^ ^ ^ ) 



8-278224 

8 



( 3 ) 



tlfdL. ( 3 ) 5^4^, Vpp ( P) i±^^^^m^7 ^Zi)- 

[ 0 0 2 4 ] zcoyt&^^iM^i x^ihrn^tifzyt^i^ 



[ 0 0 2 5 ] 
(IJ:4] 

1 _V,.(I)^ 



- y Eo cos (2;rf 1 4-;r cos 2jd^ t + sign-j^/r^^cos 2.rf„ t + ^s) 

i +YEoCOs(2;rft + ;r^|^cos2;rf„t-signY^;r^^ , 
-Eocos(;r^^cos2rf„t) X 



cos ( 2;rf t + ^^^^ cos 2;rf« t + sign\:^:t^^^cos 2jzf^t^^) 



C 4 ) 



fctzL. (4) st:^'. Vpp.(I) ti5t^^^P55Stc;&^ 

il) , vtt (I) tiTfe^^^iiSQ^^i^^^ff'^'^ 
^.±rz. r{i5fe^^^^5l8^0 2otc^figt?^rv^i 

[0 0 2 6] ZZ-C. 
[0 0 2 7] 



30 



[|SC5 ] 



V pp ( P ) 



t Vpp ( I ) t tl<^-Z. 4> 



[0 0 2 8] 

[lae] 



E«^ = Eocos(^r^^^cos2;rf„t)cos(2;rft + 



= EoCOs(2;rft + ^)^£„(-l)"cos(4n;rl„ t) Jin(;r^^) ( 5 ) 



uy^ v-l^i^^^ff -^tox'^i? h/UT^7 

^ if 1 0 r^ii-r ^» t , 1^ 1 ^ 2 (50^:^11 
:ts^^t-^ ^'f^i^i^iac 1 0 1 i7)[ni oic. ^mm'^m. f ftp 

[ 0 0 2 9 ] {vZffi^Pfi^^^^^^^ ^"^^^ 



?Si^^^^I^oVpp ( I ) t t)-^ 



iX^^m^^xyt^m 

[ 0 0 3 0 ] 
[^7 ] 



1 -r 
1 + r 



= sign* 



Vpp(P) 2V,(I) 



(6) 



8-2 78224 
10 ■ 



C 6 ) 



[ 0 0 3 2 1 3tJ®2 1 i}^i^<r>it (^ifSE ^i^lEfc ^ ^ 
^^4>) ti^iaffi^li5s2 2(cAt^^n., fi-^^ 1 8 J: 20 

^ i^T£iJ^$^tS . z<7y%^n^m^2 2<n^:h^\±it 

Y~^(v.(I)-x(t) + Vp,(I)cos2;rf„t) 



1 6 \,zxm^'h.x^mm^^±^f5. i 5 j; o 

t 0 0 3 3 ] ^ ^ T', ±.m<r>%^m^m^ 1 6 (i V 

V ji>ymco%^m^m^x'h^ . miia l/c j: 3 tc, — 

^mLtzikMB.--:>^'ti^Lxmmt^^ihmT hm^m 
t-vi%^^i^i^BmwL±^zm^^ixrzitn^X'^'r> . 02 

[ 0 0 3 4 ] ±iggo$fJfPfi-^ij:fi^i^ 1 SBlX/ 1 9 J: 0 



) 



V 1 = V,(I)- 



I 6 b izmm-^ tL^mmm^m&^ v 2 t ^ -£> t . zth 

[ 0 O 3 5 ] 



V2 = rr^(v,(I)-x(t) + Vpp(I)cos2;rf„.t) 
1 + r \ ' 



(7) 



/CJ^'L. (7) ^4^, X (t) ity'~:^m^^^Bt:m 
-f-Mt^^tmWLX'. 0 — 1 i7)«l$r t ^ . ttz. ai^iiim^ 

= Eocos{f(l-x(t)) + f^ 



[ 0 0 3-6 ] 

[ia 9 ] 



cos2;rf«t fx 



co42.ft.f(l.f^x(t)).{^.signi:I^). 



cos2 7rf«t + ^] 
(8) 



Vpp(P) , . l-rVp.(I) _ 
^ - "^'^ 2V.(P) I 4. r4V.(I) 



[ 0 0 3 7 ] 
[^10] 



(7) 
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Eocos{f(l-x(t)) + f^cos2;rf„t}x 

cos[2;rft-fy(l + Y^x(t)) + 95] 



( 9 ) 



Ik. vtmta^^ 1 4 v^^^m^ fir a r ^ 

^:^^tcffi^-ri4^ia^M?a2 o 1 *:oiHj 0 tc. ^mmm 
[ 0 0 3 8 ] --yr. ^fflggpfig^^'^-^ ^ nri^ 

:A:^SHai^^^-r't± 3fe:^afg 1 A CO ji^Zh ^^M^ 

v^l^ 1 <jC{ig^^2 0 2 ) gp^^gr^ h-f ^ .fc 3 t::^t^fi 

1 BLX/v2com^^'c$>h r^nfim^2 4 Tmrn-r 

[0 0 3 9 3 

3feiS3 1 . 7t^2ffl^iS553 2 . ^^^f o,<7?iE^iS^^ 
ii-^^£i5:f3r-6fi^aSt 3 3 , ^J^5534. V *y x V 
3 5,^2 <7}^m 3 6 , iS3l£$'J®S 3 

7, ^y^Tysa^ yt^ih^s 9. mi&^'C^mi^^f q 

^i35 7-<yU:5^4lfcJ:0=S:0,m lco^M3 l . ?fefifc^9 

2 6o^3t^e2 i^:^fi£L. 5t;i?T7 3 8 tilfriSz^^^S 

3 ^:mfi^LTV^a . 

[ 0 0 4 0 ] <jctc. 2ts:^^£M^oi&f^.c-:>v^ri^iB«'r^ * 

^^^^m^3 5 tCft^i® 3 3 ^^H^^iXhlE^^m 
$vfi^35<^4 C 1 0 4 -C^^^-^. iS10^C,tS[ 1 0 3 T'S 

A-^{±®4 1 0 5 r'^-r^o< tc7t^^^is^^'^-3t*^' 

lh:n^ftX^ATy 3 a^zxm^tl. ZZTm2(7^^m 
3 6 ;!j-^ii7tSlJtai^ 3 7 ^ jl L T iST^M ^i^'^ 1 

( 0 0 4 1 ] Tt^r 7 3 srvi^^ti/ci^ 1 s. 1/^2^0 



40 



10 ^ . 

[0 04 2] Z<0^^m-^l±'^^y H A ORX/4 1 

^mm^3 7^m^^tLh . ^fc. '^^m'^^^com^^ 
coo t 1 iXmWi^ ( f Q-t f ^xi± 

iR^tL^. ZZX-ii — mt LX . ^.JUi^A HZ J: 

0 (f 0 *^^^^^^^tirmmu3 A 

20 [ 0 0 4 3 ] mytmm^ 3 7 tii^ 2 co^m 3 et-^tam 
^i\y:im2<Dytcomyt^^mm^mm^^f o^<^^^ 
^fvi^^izb^xh X o ^zumi.x^:^y^ 3 Q^mm-r 
h zfi\z^^ ^ ^ A ix'Mi^^n^-thm 
i^d^mm^m^^^!^ ( f 0 f m) ^^'"^^^^^^^ * 

[ 0 0 4 4] ±fc. 3 4 ^ Jl-^ A 1 Tm 



30 2 tc^J^-r^i£5£^gfea^ft-^^0^iIs V 



p p 



( p ) i:mm 



■Th. ^Lx. zcr>^m^3 A \i^ii^tL^1&mm•^' 



f|3 5^^J§$fUSjE?£gfe^^fl-ti7>^i|gV 



p p 



( I ) 



50 



[ 0 0 4 5 ] ^%mm\tm^mm.^'miibhtzi^^z\t. ^ 

fSM.X'^m^j:mfS:x'^^m^m^3 sco^ii^m^ 

[0 0 4 6] i±^^BM^^j:hyt^^^m^<om^:^ 
m<rim2mnm(7ym^m^7ik-t . mm^. m3tm-'m 

iziTk-rj: 5 2(5:11^6 ig?yti3fe^jg^ia^ 4 4 ^ jit^ffi^ 

||5|^45i:$:Ait^i.r. ^l60^®3l3&*:i,603K^7t 

^^^m^A AlzxmL . zzx-^^tm^m^fifz^i: 

ytiiL^^Mt^A 5 tcAM LX^im^ 3 4 ct 0 <7)^JPfI-^ 

[ 0 0 4 7 ] :^m^^mhikf&criytiiL^^m^ 4 5 i osx 



13 

■ [ 0 0 4 8 ] me\i^^^n^ztchM^B.^m^<r>m^:^ 

{i-^^ia:E55 4 ex-Jfl^L, -^-^oja^lgjETTti® 4 9 
[0049] 7^^214 9 ^> ti mj IdTfe ffi ^ 

[ 0 0 5 0 ] ^^mizKc h^^m^m^comm:fi. 

rm^^m^m^5 a . ^^mm^5 5 . y6:oy'y s 
6 ^ -mi co^ms 1 cotii^^^^^ t m'^ i>^^<om 2 
c^^^mm-t^>m2co^m5 7 , mj^mm^s a , 
t^ns9. m^^^'Om^mfo^'^^^ ^^^^^^ ^ 

[ 0 0 5 1 ) ^1 (Ty^rn 5 1 i: 3ie^ffi'5!iSf5 5 2 tilfiiS 
^ 1 fiO^T^^S 1 1 ^IS^LTiJ 0 . ittsT^ 5 6 t±la 30 
iSil'&^S 13$:t«^L, iD^S 6 3 5llX$fi®5l 

l^?^^?S (r — 5 4 a2SllX 5 4 b CSljD-r ^ 
-^m£EV 1 5.t/V 2 (^^(|©ifc$:l@S^^» ^ t tc J: 0 , ^ 

[ 0 o 5 2 ] ^^•^mm<r>m^\iz-:^^^xm^n'f h\z , 

?^^^=9^ 5 4 ^C:fet^r 6 4 4> O £fj ^ ^ E T' Tid 

(8) i^X^'X,i^Kh^^y (I) $:^^r>IE?^SIg 
^fi-^^fi#^6 2 **^,0-f-^'fi^'!: $:JD^^6 3 T' 

r (TjJttc'SrS J: ^ \z^^.\.X%^m.^Wi^^ 4C0 2o<7) 
r-A54a2it/54b tcEP^Bf ^ . t,fz. $JltJ9t5 6 4 
tif3c3^f -S^i^^ 6 1 ^0 ai :^ fi-^ v>r ±16 

[ 0 0 5 3] 5^^^^l^ts5 4 T'Tt^S^'^^^^TIJi 0 50 
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r-;^*^'ea^tf0 7t:4^(c3^ii5$^x. ffe :^ t!? :r ^ 5 e 

ms7 x^<nm2<r>^ imnt/t) t.m^^^tifc^.. ytm 
iijfss 9 izxM^tix^m^m^tih. y^mti^^s q j: 

0 lli:h^ fth^^m-^i±ytm5 iRx/57 J: ocomiR 
x/m2coyt<7)^i^^m:^z^'^'r^^^m^^fot. ^co 

^X'$)^. 

[0 [ 0 0 5 4 ] zco=f}^m-^i±'^i^ y jui^ e o rx/ e 1 
iz^n^ixm^^ti. z<7)d -^^^tSim^&m f o 
y ^ jUt^^ 6 o i^zj: omi^m^MiK^tiX (i&^^^ixX) m 

f o - ^ <^-yTiji^t^y ^ 6 1 izx^mi^m^m. 

^^ixh . C w X'\t — m)L LT , ^Wiy A )V9 e 1 
[0 0 5 5 ] ^itmm^S 8 (im2 i7)3fci^5 7 C^Vs^^Wi 

) ^ixtz'm2<r>^(n^^n'kmt^'^T^^w.^f o<^mn\^ 

^j\^t<^:k}i^j:h J: o C ^JJ # L T :r ^ 5 e^ta^-T 

^-S i 5 fL^> ^ t 0 . t5P ^ ^ [*] Ji 

[0 0 5 6] ^Ttr. $*JtJPf|6 4{i^jt|5r^ ^ Ji.:^ A 1 T'M 

^7t^^^^55 5 402-pi7)r — A54 a^r/54 btC 

Qilra-r-s^^fi-t^ffv 1 ziLi/^v 2 t??^(git: r ^l^l^i^ 
ciixtiiro, ^yrmyt^m^m^s Aco 

ili^^co^^t^mU (9) ixS t> 60 Tir 0 , 

-//x-y >^ym^^^^m^5 a <n — 

[ 0 0 5 7 ] ^mnm^xftkt^ mmm'^^h^klL^'ik 
m%m^<om^kmm'^m'^j:m.mx'A^^ <nz.h ztt^z 

^^m^m^s Acoa^-^iv ^-9^-^i,zmmx'^ i> . 

[ 0 0 5 8 1 S 8 (i3^3^0^Si|^::^^<7)m2||Jfe^tfO^;^ 

s^TF-r. nm^. m7 tw[-^m.u^^z\tw\-^^k 
nLx^iT^m^nk'^^-rh. ^nmm\±. it^n^m^ 

6 6 ^3t^l*Sl^^5 5^7)m(Ct5V^r^ffi^ll^ ^7 
t L7t:^60.T', C<7)J^^{,5i^i2^§^P^6 6 i: 0 5X9^ 
$n^>7fc60^#7&*' (8) ^X^^fifzi,(7ytm-li^j:h 
<nX'. m7 t^^<r)mmt:no ZhifX'% h . 

m^mx\tiE^'i!kn%m^^zx r^x ±\:.h\in^mf^^ 
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[ 0 0 5 9 ] H 9 ti2*s:^0^$W:^ii^7>^ 3^jJ£fi?lJc0t^fi£ 
5 3 J: y) o^jE^^^^iM-^ tliunM^Lf^^EX-m 1 (O 

[ 0 0 6 0 ] ^10 \±^^mmm^m<7^m ^ mmm^m 

2 co^ms 1 ^XfS 7 J: 0 i^m-^fLh^<^^^t ^ix^ 

[ 0 0 6 1 ] :$:mmm<^m^i^z-:> ^ m'm^ ^ . m3co . 

3ti!§3 0;&>A>£ii^$iT,7t:M 3(!0 7fe^. ft -^1^5 3 J: 0 ^0 
iE?^iSll^fi-^tc J: 0 7fe^^9^i^5l 5 2 T'fi^a^PI^:^ 2( 
tt^cf^. ig^:^^m^^7 1 tzASt M 1 ^07fez®5 1 . 

J: 0 OM 1 tL^ . ZiO^^^m^tlfC 

;5 tT7te^^7&<^ia$nn:f^, 3^:^ij'^^^7 2 r-^ 1 

O3ttM3c;03K^:;iiV-en^ttk:^^^$^TL. 

^^^l^^?5M:^^2r^^i•Tv^^,m3 603^£^±^:*^^ 5 e tc 
AM$tLTig3fc*it^^5 8 ^z j:^ mj^m tf^mm z tLfzm 

[ O 0 6 2 ] .^^y^ 5 6 A-^0^-^7tti5ie^tiJ^5 9 30 
m^m) ^i^y ^ Jl^:!^ 7 3 izX-y Xi^^^tiX -^(7) 

f ±iZ'^^m'^^<^'^^mi&^^Mmf^zm^^ 

^jg^ll?^ 5 4 '\£ii:^^fL.'6 2 O0$iJ$|II^S^il'l©i:t r 

[ 0 0 6 3 ] :^^mm^±^7 ^z^Lfz^ 1 tmn 
ti^^z. ^ftiz:hux,xmm<^tzi!^i^zm 1 
(^^(D-'mirnD ih^'Ji:^mt-^^^tiib . mih^-^"? -com 

^^^^^ <^th Z tiPX-^ h , 

V [006411^11 \i:^^^MMm:fim<^m 5 mmm(om 

f^m^7f:-t. ^M^. ^1 0 t |nl — :^^g?^tCt±l5l— 
-^^f^LT -^Ot^9«^'^B&1"^ • 2ts:||J£fiF«ti, H 1 OCT) 

m^mmmi^zis^fh^iiLn^m^^:. 7 sx-^-r o i,z 
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[ 0 0 6 5 ] ^12 u:^^mmmyjmcomQmmmco^ 
^m^^i-. mm^. m i 0 tm-tnj&m^irzitm-^ 
^t:nLx^commi:'Mi»^-t^. ^mmm\^. mi oik 

r/mi I Tli^Bl 05fcilS7 0 ^^jiflEiS-r^Ttr 

4^(75tic^miS7 7 co\h^'^iKn.&\,z._ r 8Cijv% 

r fi^iS 5 3 J: 0<?3lE5Sj^^^ft-^^iD^m;^ L/v:^S 

^Sr^l^ C t ;&^T-# a • ^^X ^ mmm i> m A ^ 
[ 0 0 6 6 ] 

^^\^^i>-^xwL^x*^ htihb ^ mm-t^mi^x'^m^xi^ 

^ ^ w.^^*t^^i^fk^^i^^^hmm^zxr> ^ x ^~m 
m^^^^\p\-LX'-^ h . 

[ 0 0 6 7] ^/o, 2js:^BJ(?53t^^^|^^f7)^JtJP:?r'StC 

mtcwmx'A^^ <nz.h:L t^x ^ . ^mm^m^^M 
(Dn^com^f}--Mm^izxrt^ . ^r^. ^j^^co^Ki^-fb 

[^fflCOS^^i^Bfl] 

[l2il] 4s:^B8tC^5i3fe^j^^lf!lf§co^iliil5^:^-^(7)^" 

[S3 I 2ts:^0^^ttM>=E:^^«om 1 ^Jfe^JcO^g^ilT'^ 
C^4] ^^^^Wi^(r>n^^.hXti%%iM.^ {.zn-t h 

[^5] ^^m^^m'^'nm(rim2%mm<nnj^mx'h 
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